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Abstract of EP1 157782 

A polishing apparatus is used for polishing a worl<piece such as a senfiiconductor wafer to a flat mirror 
finish. The polishing apparatus includes a turntable having polishing surface, a top ring for holding a 
workpiece and pressing the worl^piece against the polishing surface to polish the workpiece. The polishing 
apparatus further includes a rotary transporter disposed in a position which can be accessed by the top 
ring and having a plurality of stages positioned on a predetermined circumference from a center of 
rotation of the rotary transporter for holding the workpieces. The polishing apparatus further includes a 
plurality of support tables removably held by the respective stages of the rotary transporter for supporting 
the workpieces, and a pusher for transferring the workpiece between the support table and the top ring. 
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(^) j^^l*^^>"9 apparatus 

polishing apparatus is used for polishing a 
l;sucn as a semiconductor wafer to a flat mirror 
^■polishing apparatus includes a turntable hav- 
pg surface, a top ring for holding a workpiece 
ig the workpiece against the polishing sur- 
|ish the workpiece. The polishing apparatus 
^dcs a rolary transporter disposed in a posi- 
tan be accessed by the top ring and having 



a plurality of stages positioned on a predetennined cir- 
cumference from a center of rotation of the rotary trans- 
porter for holding the workpieces. The polishing appa- 
ratus further includes a plurality of support tables remov- 
ably held by the respective stages of the rotary trans- 
porter for supporting the workpieces, and a pusher for 
transferring the workpiece between the support table 
and the top ring. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001 ] The present invention relates to a polishing ap- 
paratus for polishing a workplace such as a semicon- 
ductor wafer to a fiat mirror finish, and more particularly 
to a polishing apparatus having a rotary transporter for 
supplying workpieces to a polishing position. 

Description of the Related Art: 

[0002] In semiconductor device manufacturing proc- 
esses, semiconductor wafers are polished to a flat mir- 
ror finish in a semiconductor wafer fabrication process, 
and layers formed on semiconductor devices are pol- 
ished to a flat mirror finish in a semiconductor device 
fabrication process. These polishing processes in the 
semiconductor wafer fabrication process and the semi- 
conductor device fabrication process are performed by 
a polishing apparatus, called chemical mechanical poi- 
ishing apparatus. 

[0003] Conventionally, such a polishing apparatus 
has been designed as a dedicated polishing apparatus 
having a single function of polishing semiconductor wa- 
fers. The semiconductor wafers which have been pol- 
ished by the polishing apparatus are transported to a 
next cleaning process by a movable water tank contain- 
ing water In which they are immersed to keep them from 
drying during transportation. However, this separated 
polishing and cleaning process tends to impair the 
cleanliness of a clean room, and the polished semicon- 
ductor wafers need to be transported by an operator or 
a manually operated transportation means. Further, a 
large installation space is required for two kinds of ap- 
paratuses comprising a polishing apparatus and a 
cleaning apparatus that is used to carry out the subse- 
quent cleaning process. 

[0004] I n an effort to make the polishing process clean 
and reduce the installation space of the apparatus, there 
has been developed a polishing apparatus which per- 
forms both a polishing process and a cleaning process 
and which is of a dry-in and dry-out type for introducing 
semiconductor wafers therein in a dry condition and re- 
moving polished and cleaned semiconductor wafers 
therefrom in a dry condition. 

[0005] On the other hand, the polishing apparatus 
having a single function of polishing semiconductor wa- 
fers has been improved to allow the cleanliness of a 
clean room to be maintained, and the polishing appara- 
tus and the cleaning apparatus used in a cleaning proc- 
ess after polishing have an increased processing capa- 
bility for thereby reducing the number of the polishing 
apparatuses used for polishing processes and the 
number of the cleaning apparatuses. As a result, the 
conventional dedicated polishing apparatus having a 



single function of polishing semiconductor wafers can 
reduce an installation space thereof to a degree which 
is equal to or smaller than the dry-in and dry-out type 
polishing apparatus. 

5 [0006] However, in the dedicated polishing apparatus 
having a single function of polishing semiconductor wa- 
fers, the semiconductor wafers which have been pol- 
ished by the polishing apparatus are transported still by 
an operator or a manually operated transportation 

10 means, as before. If the transportation means is auto- 
mated, then it is difficult to handle the semiconductor 
wafers because the semiconductor wafers are stored in 
the movable water tank. Thus, the problems are pre- 
sented by the transportation means in the conventional / 

'5 dedicated polishing apparatus. 

[0007] Further, the dry-in and dry-out type polishing 
apparatus has a processing capability per unit time and 
unit installation area lower than the conventional dedi- 
cated polishing apparatus. Thus, the number of appa- , 

20 ratuses in the polishing processes is large, a large in- 
stallation space is required, and the running cost of the 
apparatuses is high. 

SUMMARY OF THE INVENTION 

} 

[0008] It is therefore an object of the present Invention i 
to provide a polishing apparatus which can be used as ' 
a dry-in and dry-out type polishing apparatus , and has 
a high processing capability per unit time and unit instal- 
30 lation area for processing workpieces such as semicon- 
ductor wafers. 

[0009] Another object of the present invention is to 
provide a polishing apparatus which can reduce or min- 
imize the number of times of transfer of a workpiece 

35 such as a semiconductor wafer while the workpiece is 
transported from a reversing device to a top ring. 
[0010] According to the present invention, there Is 
provided a polishing apparatus comprising: a turntable 
having a polishing surface; a top ring for holding a work- 

40 piece and pressing the workpiece against the polishing 
surface to polish the workpiece; a rotary transporter dis- 
posed in a position which can be accessed by the top 
ring and having a plurality of stages positioned on a pre- 
determined circumference from a center of rotation of 

45 the rotary transporter; a plurality of support tables re- 
movably held by the respective stages of the rotary 
transporter for supporting workpieces respectively: and 
a pusher for vertically moving the support table and 
transferring the workpiece between the support table 

so and the top ring. 

[0011] According to the present invention, it is possi- 
ble to shorten the time required to transfer a workpiece 
to be polished, such as a semiconductor wafer, to the 
top ring, for thereby greatly increasing the number of 

55 processed workpieces per unit time, i.e.. throughput. 
[0012] In a preferred embodiment, the polishing ap- 
paratus further comprises a reversing device for revers- 
ing the workpiece; and a lifter for vertically moving the 
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support table and transferring the workpiece between 
the support table and the reversing device. 
[001 3] Thus, the transfer of a semiconductor wafer as 
a workpiece to be polished from the reversing device to 
the top ring can be performed by the wafer support ta- 
bles removably held by the respective stages of the ro- 
tary, transporter. Thus, for example, the transfer of the 
semiconductor wafer between the lifter and the rotary 
transporter or between the rotary transporter and the 
pusher may be eliminated to prevent dust from being 
generated and prevent the semiconductor wafer from 
being damaged due to transfer error or clamping error 
[0014] In a preferred embodiment, a plurality of the 
support tables comprise a loading support table for hold- 
ing the workpiece to be polished and an unloading sup- 
port table for holding the workpiece which has been pol- 
ished. 

[0015] With the above arrangement, the semiconduc- 
tor wafer to be polished is transferred not from the push- 
er bu^from the loading wafer support table to the top 
ring, and the polished semiconductor wafer is trans- 
ferred'^from the top ring not to the pusher but to the un- 
loading; wafer support table. Thus, the loading of the 
semiconductor wafer to the top ring, and the unloading 
of the semiconductor wafer from the top ring are con- 
ducted by respective jigs (or components), i.e. the sup- 
port tabi^e, and hence the abrasive liquid or the like at- 
tached to the polished semiconductor wafer is prevent- 
ed from being attached to a common support member 
for perfomning loading and unloading of the semicon- 
ductor wafer. As a result, the solidified abrasive liquid or 
the like is not attached to the semiconductor wafer to be 
polished, and does not cause damage to the semicon- 
ductor wafer to be polished, 

[0016] In a preferred embodiment, the rotary trans- 
porter comprises a plurality of guide blocks provided cir- 
cumferentially at certain intervals on each of the stages 
for removably holding the support table. 
[0017] In a preferred embodiment, the guide block 
has at least one of an inner surface which has a tapered 
surface for centering action and an outer surface which 
has a tapered surface for centering action. 
[0018] With the above arrangement, centering of the 
support table with respect to the guide blocks can be 
performed by the tapered surface. 
[0019] In a preferred embodiment, each of the top 
rings is angularly movable about a rotating shaft lo a 
position over one of the turntables and a position over 
one of the stages of the rotary transporter. 
[0020] The above and other objects, features, and ad- 
vantages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate pre- 
ferred embodiments of the present invention by way of 
example. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] 

5 FIG. 1 is a plan view showing a layout of various 

components of a polishing apparatus according to 
an embodiment of the present invention; 
FIG. 2 is an elevational view showing the relation- 
ship between the top ring and the turntables; 

10 FIG. 3 is a vertical cross-sectional view showing a 
structure of a wafer support table, the left half of the 
drawing shows the wafer support table held by a 
rotary transporter and the right half of the drawing 
shows the wafer support table held by a pusher; 

'5 FIG. 4 is a plan view showing the rotary transporter 
and the wafer support tables; 
FIG. 5 is a cross-sectional view taken along line A- 
A of FIG. 4; 

FIGS. 6A through 6C are vertical cross-sectional 
20 views showing other wafer support tables; 

FIG, 7 is a vertical cross-sectional view of the lifter; 
FIG . 8 is a vertical cross-sectional view showing the 
relationship between the lifter and the wafer support 
table; 

25 FIG. 9 is a vertical cross-sectional view of the push- 

er; 

FIG. 10 is a vertical cross-sectional view showing 
the relationship between the pusher and the wafer 
support table; 

30 FIGS. 11 A through 11 F are schematic views show- 
ing the processes in which the sennlconductor wa- 
fer, to be polished, held by the reversing device is 
transferred to the wafer support table, and then the 
wafer support table is transferred to the rotary trans- 

55 porter; 

FIGS. 12A through 12F are schematic views show- 
ing the processes in which the semiconductor wa- 
fer, to be polished, held by the wafer support table 
is transfen-ed to the pusher; 

40 FIGS. 1 3A through 13F are schematic views show- 
ing the processes in which the polished semicon- 
ductor wafer held by the top ring is transferred to 
the wafer support table, and then the wafer support 
table is transferred to the rotary transporter; and 

45 FIG. 1 4 is a schematic elevational view showing the 
rotary transporter and the components associated 
with the rotary transporter. 

DETAILED DESCRIPTION OF THE PREFERRED 
50 EMBODIMENTS 

[0022] A polishing apparatus according to an embod- 
iment of the present invention will be described below 
with reference to FIGS. 1 through 14. 
55 [0023] FIG. 1 shows a layout of various components 
of a polishing apparatus according to the present inven- 
tion. 

[0024] As shown in FIG. 1, a polishing apparatus ac- 
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cordingtothe present invention comprises four load-un, 
load stages 2 each for placing a wafer cassette 1 which 
accommodates a plurality of semiconductor wafers. The 
load-unload stage 2 may have a mechanism for raising 
and lowering the wafer cassette 1. A transfer robot 4 
having two hands is provided on rails 3 so that the trans- 
fer robot 4 can move along the rails 3 and access the 
respective wafer cassettes 1 on the respective load-un- 
load stages 2. 

[00251 Two cleaning apparatuses 5 and 6 are ais- 
posed at the opposite side of the wafer cassettes 1 with 
respect to the rails 3 of the transfer robot 4. The cleaning 
apparatuses 5 and 6 are disposed at positions that can 
be accessed by the hands of the transfer robot 4. Be- 
tween the two cleaning apparatuses 5 and 6 and at a 
position that can be accessed by the transfer robot 4, 
there is provided a wafer station 50 having four wafer 
supports?. 8, 9 and 10. 

r00261 An area B in which the cleaning apparatuses 
5 and 6 and the wafer station 50 having the wafer sup- 
ports? 8 9 and 10 are disposed and an area A in which 
the wafer cassettes 1 and the transfer robot 4 are dis- 
posed are partitioned by a partition wall 14 so that the 
clennlincss of the area B and the area A can be sepa- 
rated The partition wall 14 has an opening for allowing 
scmconductor walers to pass therethrough, and ashut- 
tc 1 1 .s prcv.aod at the opening of the partition wall 1 4. 
A irnnRlo. robot 20 is disposed at a position where the 
transfer robol 20 can access the cleaning apparatus 5 
Hrd no -.hrcc wafer supports 7. 9 and 10, and a transfer 
rooot 21 .s disposed at a position where the transfer ro- 
bot 21 can access the cleaning apparatus 6 and the 
th-ec wrttcr supports 8, 9 and 10. 
[00271 A Cleaning apparatus 22 is disposed at a posi- 
t,cn Hdi^cni to the cleaning apparatus 5 and accessible 
by tnc hancs ol the transfer robot 20, and another clean- 
ing aoparatus 23 is disposed at a position adjacent to 
iho c eaiing apparatus 6 and accessible by the hands 
of tnc transfer robot 21 . 

[00281 Ai the cleaning apparatuses 5, 6, 22 and 2J, 
the water supports 7, 8, 9 and 10 of the wafer station 
50 and the transfer robots 20 and 21 are placed in the 
area B I he pressure in the area B is adjusted so as to 
be lowo- than the pressure in the area A. Each of the 
cicarmc; appa'atuscs 22 and 23 is capable of cleaning 
botn surlrtccs ol a semiconductor wafer. 
[00291 The polishing apparatus has a housing 46 for 
cr^lcsing various components therein. The housing 46 
ccnsiitutcs an enclosing stojcture. The intenor of the 
hous nq46 IS partitioned into a plurality of compartments 
or chamocrs (including the areas A and B) by partitions 
1^ 15 16 24 and 47. 

[00301 A polishing chamber separated from the area 
B oy Iho partition wall 24 is formed, and is further divided 
into two areas C and D by the partition wall 47. In each 
ol the two areas C and D, there are provided two turn- 
tables and a top ring for holding a semiconductor wafer 
and pressing ine semiconductor wafer against the turn- 



tables Fhat is, the turntables 34 and 36 are provided 
in the area C. and the turntables 35 and 37 are provided 
in the area D. Further the top ring 32 is provided in the 
area C and the top ring 33 is provided in the area D.] An 
5 abrasive liquid noz2le40forsupplying an abrasive liquid 
to the turntable 34 in the area C and a dresser 38 for 
dressing the turntable 34 are disposed in the area C. An 
abrasive liquid nozzle 41 for supplying an abrasive liquid 
to the turntable 35 in the area D and a dresser 39 for 
10 dressing the turntable 35 are disposed in the area D. A 
dresser 48 for dressing the turntable 36 in the area C is 
disposed in the area C, and a dresser 49 for dressing 
the tumtable 37 in the area D is disposed in the area D. 
[0031 1 FIG 2 shows the relationship between the top 
15 ring 32 and the turntables 34 and 36. The relationship 
between the top ring 33 and the turntables 35 and 37 is 
the same as that of the top ring 32 and the turntables 
34 and 36. As shown in FIG. 2, the top ring 32 is sup- 
ported from a top ring head 31 by a top ring drive shaft 
20 91 which is rotatable. The top ring head 31 is supported . 
by a support shaft 92 which can be angularly positioned, 
and the top ring 32 can access the turntables 34 and 36. 
The dresser 38 is supported from a dresser head 94 by 
a dresser drive shaft 93 which is rotatable. The dresser 
25 head 94 is supported by an angularly positionable sup- 
port shaft 95 for moving the dresser 38 between a stand- 
by position and a dressing position over the turntable 
34 The dresser 48 is similarly supported from a dresser 
head 97 by a dresser drive shaft 96 which is rotatable. 
30 The dresser head 97 is supported by an angularly posi- 
tionable support shaft 98 lor moving the dresser 48 be- 
tween a standby position and a dressing position over 
the turntable 36. 

[00321 As shown in FIG. 1, in the area C separated 
35 from the area B by the partition wall 24 and at a position 
that can be accessed by the hands of the transfer robot 
20 there is provided a reversing device 28 for reversing 
a semiconductor wafer, and at a position that can be ac- 
cessed by the hands of the transfer robot 21 , there is 
40 provided a reversing device 28' for reversing a semicon- 
ductor wafer. The partition wall 24 between the area B 
and the areas C, D has two openings each for allowing 
semiconductor wafers to pass therethrough, one of 
which is used for transferring the semiconductor wafer 
45 to orf rom the reversing device 28 and the other of which 
is used for transferring the semiconductor wafer to or 
from the reversing device 28'. Shutters 25 and 26 are 
provided at the respective openings of the partition wall 
24 

50 [0033] The reversing devices 28 and 28' have a chuck 
mechanism for chucking a semiconductor water, a re- 
versing mechanism for reversing a semiconductor wa- 
fer, and a semiconductor wafer detecting sensor for de- 
tecting whether the chuck mechanism chucks a semi- 
55 conductor wafer or not. respectively. The transfer robot 
20 transfers a semiconductor wafer to the reversing de- 
vice 28, and the transfer robot 21 transfers a semicon- 
ductor wafer to the reversing device 28'. 
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[0034] A rotary transporter 27 is disposed below the 
reversing devices 28 and 28* and the lop rings 32 and 
33, for transferring senniconductor wafers between the 
cleaning chamber (area B) and the polishing chamber 
(areas C and D) . The rotary transporter 27 has four 
stages for placing a semiconductor wafer at equal an- 
gular Intervals, and can hold a plurality of semiconductor 
wafers and a plurality of support tables thereon at the 
same time. 

[0035] FIG. 3 shows a structure of a ring-shaped wa- 
fer support table 600. In FIG. 3, the left half of the draw- 
ing shows the wafer support table held by a rotary trans- 
porter, and the right half of the drawing shows the wafer 
support table held by a pusher. As shown in FIG. 3, the 
wafer support table 600 has a wafer support surface 60 1 
at an upper surface thereof for placing a semiconductor 
wafer 101 and holding the semiconductor wafer 101, 
and a tapered surface 602 at an outer surface thereof 
for automatically cenlering the wafer support table 600 
with respect to guide blocks 610 provided on each of the 
stages. Further, the wafer support table 600 has another 
tapered surface 603 at an inner surface thereof for au- 
tomatically centering the wafer support table 600 with 
respect to the lifter or the pusher (in FIG. 3, the pusher 
30 engaged with the tapered surface 603 is shown). The 
lower surface of the wafer support table 600 has holes 

604 into which pins 620 provided on the rotary trans- 
porter 27 are fitted, and holes 605 into which pins 621 
provided on the lifter or the pusher are fitted (in FIG. 3, 
the pusher 30 having the pins 621 fitted into the holes 

605 is shown) . The holes 604, 605 and the pins 620, 
621 serve to prevent the wafer support table 600 from 
being rotated with respect to the rotary transporter, and 
the pusher (or the lifter), respectively. 

[0036] The semiconductor wafer which has been 
transported to the reversing device 28 or 28' is trans- 
ferred to the wafer support table 600 placed on the lifter 
29 or 29' by actuating the lifter 29 or 29' disposed below 
the rotary transporter 27 when the center of the stage 
of the rotary transporter 27 is aligned with the center of 
the semiconductor wafer held by the reversing device 

28 or 28'. The semiconductor wafer which has been 
transported to the wafer support table 600 on the lifter 

29 or 29' is transferred together with the wafer support 
table 600 to the rotary transporter 27 by lowering the 
lifter 29 or 29'. The semiconductor wafer and the wafer 
support lable 600 placed on ihe stage of the rotary trans- 
porter 27 are transported to a position below the top ring 
32 or 33 by rotating the rotary transporter 27 by an angle 
of 90*. At this time, the top ring 32 or 33 is positioned 
above the rotary transporter 27 beforehand by a swing 
motion thereof. 

[0037] The semiconductor wafer is transferred to- 
gether with the wafer support table 600 from the rotary 
transporter 27 to the pusher 30 or 30' and finally only 
the semiconductor wafer is transferred to the top ring 32 
or 33 (in FIG. 3, the top ring 32 is shown) by actuating 
the pusher 30 or 30' disposed below the rotary trans- 



porter 27 when the center of the top ring 32 or 33 is 
aligned with the center of the serniconductor wafer 
placed on the wafer support table 600 on the rotary 
transporter 27. 

5 [0038] The semiconductor wafer transferred to the top 
ring 32 or 33 is held under vacuum by a vacuum attrac- 
tion mechanism of the top ring 32 or 33, and transported 
to the turntable 34 or 35. Thereafter, the semiconductor 
wafer is polished by a polishing surface comprising a 

10 polishing cloth or a grinding stone (or a fixed abrasive 
plate) attached on the turntable 34 or 35. The second 
turntables 36 and 37 are disposed at positions that can 
be accessed by the top rings 32 and 33, respectively. 
With this arrangement, a primary polishing of the semi- 

15 conductor wafer can be conducted by the first turntable 
34, and then a secondary polishing of the semiconduc- 
tor wafer can be conducted by the second turntable 36. 
Alternatively, the primary polishing of the semiconductor 
wafer can be conducted by the second turntable 36 or 

20 37, and then the secondary polishing of the semicon- 
ductor wafer can be conducted by the first turntable 34 
or 35. In this case, since the second turntable 36 or 37 
has a smaller-diameter polishing surface than the first 
turntable 34 or 35. a grinding stone (or a fixed abrasive 

25 plate) which is more expensive than a polishing cloth is 
attached to the second turntable 36 or 37 to thereby con- 
duct a primary polishing of the semiconductor wafer. On 
the other hand, the polishing cloth having a shorter life 
but being cheaper than the grinding stone (or the fixed 

30 abrasive plate) is attached to the first turntable 34 or 35 
to thereby conduct a finish polishing of the semiconduc- 
tor wafer. This arrangement or utilization may reduce the 
running cost of the polishing apparatus. 
[0039] The semiconductor wafer which has been pol- 

35 ished is returned to the reversing device 28 or 28' in the 
reverse route to the above. The semiconductor wafer 
returned to the reversing device 28 or 28' is rinsed by 
pure water or chemicals supplied from rinsing nozzles. 
Further, the semiconductor wafer holding surface of the 

40 top ring 32 or 33 from which the semiconductor wafer 
has been removed is also cleaned by pure water or 
chemicals supplied from cleaning nozzles. 
[0040] On the right side of FIG. 2, the relationship of 
the rotary transporter 27, the reversing device 28 or 28", 

45 the lifter 29 or 29', and the pusher 30 or 30' is shown. 
As shown in FIG. 2, the reversing device 28 or 28' is 
disposed above the rotary transporter 27, and the push- 
er 30 or 30' is disposed below the rotary transporter 27. 

50 WAFER SUPPORT TABLE AND ROTARY 

TRANSPORTER 

[0041 ] In the following description, the top ring 32, the 
reversing device 28, the lifter 29 and the pusher 30 are 
55 used for explanation of transfer operation. 

[0042] FIGS. 4 and 5 show the relationship between 
the rotary transporter 27 and the wafer support tables 
600. and FIG. 4 is a plan view showing the rotary trans- 
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porter 27 and the wafer support tables and FIG. 5 is a 
cross-sectional view taken along line A- A of FIG. 4. As 
shown in FIGS. 4 and 5, the wafer support table 600 has 
a water support surface 601 at an upper surface thereof 
for placing a semiconductor wafer 101 and holding the 5 
senniconductor wafer 1 01 , and a tapered surface 602 at 
an outer surface thereof for automatically centering the 
wafer support table 600 with respect to guide blocks 61 0 
by tapered surfaces 611 of the guide blocks 610. Fur- 
ther, the wafer support table 600 has another tapered io 
surface 603 at an inner surface thereof for automatically 
centering the wafer support table 600 with respect to the 
lifter 29 or the pusher 30 and for being supported by the 
lifter 29 or the pusher 30. The wafer support table 600 
shown in FIGS. 4 and 5 has a projection extending up- '5 
wardly from the outer periphery of the wafer support sur- 
face 601 for preventing the semiconductor wafer 101 
from being dislodged therefronn.Jn place of the projec- 
tion, as shown In FIG. 6C, a plurality of pins 622 which 
are projectable upwardly from the wafer support surface 
601 by springs 623 may be provided around the wafer 
support surface 601 . In this case, when the top ring 32 
holds the semiconductor wafer 101 under vacuum, the 
pins 622 are retracted from the wafer support surface 
601 against urging force of the springs 623 to thus form 25 
no obstacle. 

[0043] In this embodiment, the wafer support surface 
601 is composed of a flat surface. However, as shown 
in FIGS. 6A and 6B, the wafer support surface 601 may 
be composed of a tapered surface which is downwardly 30 
inclined toward a radially inner direction. The tapered 
wafer surface 801 is desirable for reducing a contact ar- 
ea between the semiconductor wafer 101 and the wafer 
support surface 601 and discharging an abrasive liquid 
transferred from the semiconductor wafer 101 and at- 35 
tachedto the wafer support surface 601 smoothly there- 
from. The wafer support surface 601 is not required to 
be provided in a full circumferential surface of the wafer 
support table, and may be provided at three locations, 
or preferably six locations in a circumferential direction, 
[0044] Further, the wafer support table 600 has the 
holes 604 into which the pins 620 provided on the rotary 
transporter 27 are fitted. Conversely, the wafer support 
table may have pins andthe rotary transporter may have 
holes into which the pins on the wafer support table are -^5 
fitted. Further, the wafer support table and the rotary 
transporter may have notches or teeth which engage 
with one another 

[0045] Further, in the embodiment shown in FIGS. 4 
and 5, the tapered surface 603 is provided independ- 
ently of the tapered surface 602. However, the tapered 
surface 602 may be used for being fitted with the rotary 
transporter 27. and the pusher 30 or the lifter 29. In this 
case, it is necessary that the surface to be fitted with the 
rotary transporter and the surface to be fitted with the 55 
pusher or the lifter are different from each other in a cir- 
cumferential direction. 
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ROTARY TRANSPORTER 

[0046] As shown in FIGS. 4 and 5, the rotary trans- 
porter 27 for placing the wafer support table 600 and 
transporting the wafer support table 600 has four wafer 
support table stages at angularly equal intervals of 90° , 
and each of the four wafer support table stages has 
guide blocks 610 at three locations in a circumferential 
direction for supporting the wafer support table 600 by 
being fitted with the tapered surface 602 of the wafer 
support table 600. A tapered surface 61 1 having a taper 
angle of 15** to 25** with respect to the perpendicular is 
formed at an inner surface of the guide block 610 to al- 
low the wafer support table 600 to be centered when the 
wafer support table 600 is transferred. 
[0047] FIG. 14 is a schematic elevatlonal view show- 
ing the rotary transporter and the components associ- 
ated with the rotary transporter. As shown in FIG. 14, 
the wafer detecting sensors 200 are provided at posi- 
tions spaced from the rotary transporter 27. The wafer 
detecting sensor 200 is a photosensor comprising alight 
emitting element 200a and a light receiving element 
200b, and is not moved with the stages of the rotary 
transporter 27. 

[0048] The conditions of the semiconductor wafers 
101 which are placed on the stages are determined in 
the respective stages of the rotary transporter 27. To be 
more specific, as shown in FIG. 4, the rotary transporter 
27 comprises two load stages for placing the wafer sup- 
port table 600 (600a, 600c) for loading the semiconduc- 
tor wafer to be polished and two unload stages for plac- 
ing the wafer support table 600 (600b, 600d) for unload- 
ing the semiconductor wafer which has been polished. 
The conditions of the wafer support table 600 placed on 
the respective stages are always fixed, and the rotary 
transporter27 has a stage 21 0 for placing the wafersup- 
port table 600 (600a) for holding the semiconductor wa- 
fer to be polished on the turntable 34, a stage 211 for 
placing the wafer support table 600 (600b) for holding 
the semiconductor wafer which has been polished on 
the turntable 34, a stage 212 for placing the wafer sup- 
port table 600 (600c) for holding the semiconductor wa- 
fer to be polished on the turntable 35, and a stage 213 
for placing the wafer support table 600 (600d) for holding 
the semiconductor wafer which has been polished on 
the turntable 35. 

[0049] Rinsing nozzles for supplying a cleaning liquid 
to the semiconductor wafers and the wafer support ta- 
bles 600 are provided above or below the rotary trans- 
porter 27 and in the positions spaced from the rotary 
transporter 27. The rinsing nozzles are stationary and 
are not rotated with the stages. Pure water or ionic water 
is mainly used as a cleaning liquid. As shown in FIG. 14, 
the rotary transporter 27 is coupled to a servomotor 205, 
and the semiconductor wafers and the wafer support ta- 
bles on the rotary transporter 27 are transported by driv- 
ing the servomotor 205. A home position sensor 206 is 
provided on the lower portion of the rotary transporter 
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27, and positioning of the wafer transfer position is con- 
trolled by the home position sensor 206 and the servo- 
motor 205. The transfer positions which can be posi- 
tioned are three positions at angular intervals of 90** with 
respect to the home position as a center. 

LIFTER 

[0050] FIG. 7 is a vertical cross-sectional view of the 
lifter. FIG. 8 is a vertical cross-sectional view showing 
the relationship between the lifter and the wafer support 
table . The lifter 29 comprises a stage 260 for placing 
the wafer support table 600 thereon and an air cylinder 
261 for lifting and lowering the stage 260. The air cylin- 
der 261 and the stage 260 are coupled by a shaft 262 
which is vertically movable. 

[0051] As shown in FIG. 8, the stage 260 has a ta- 
pered surface 260a, at an outer circumferential surface 
thereof, which is fitted in the tapered surface 603 of the 
wafer support table 600. When the stage 260 of the lifter 
29 is raised to a position above the rotary transporter 
27, the wafer support table 600 is fitted over the stage 
260 to allow the wafer support table 500 to be centered, 
and is then raised. 

PUSHER 

[0052] FIGS. 9 and 10 show a pusher, and FIG. 9 is 
a vertical cross-sectional view of the pusher and FIG. 
10 is a vertical cross-sectional view showing the rela- 
tionship between the pusher and the wafer support ta- 
ble. 

[0053] As shown in FIG. 9, a guide stage 1 41 for hold- 
ing the top ring guide 148 Is provided above a hollow 
shaft 140, and a spline shaft 142 is provided in the hol- 
low shaft 140. A push stage 143 is provided above the 
spline shaft 142. An air cylinder 145 is coupled to the 
spline shaft 1 42 through a flexible joint 1 44. Two air cyl- 
inders are disposed vertically In series. The lower aircyl- 
inder 146 serves to lift and lower the guide stage 141 
and the push stage 143, and lifts and lowers the hollow 
shaft 1 40 together with the air cylinder 1 45. The air cyl- 
inder 145 serves to lift and lower the push stage 143. 
[0054] A linear way 149 movable in directions of an 
X-axis and a Y-axis Is provided to allow the top ring 
guides 148 to have an alignment mechanism. The guide 
stage 141 is fixed to the linear way 149, and the linear 
way 1 49 is fixed to the hollow shaft 1 40. The hollow shaft 

140 Is held by a bearing case 151 through a slide bush 
150. The stroke of the air cylinder 146 is transmitted to 
the hollow shaft 140 through a compression spring 152. 
[0055] The push stage 1 43 is located above the guide 
stage 141, and a push rod 160 extending downwardly 
from the center of the push stage 143 passes through 
a slide bush 1 47 located at the center of the guide stage 

141 to allow the push rod 160 to be centered. The push 
rod 1 60 contacts the upper end of the spline shaft 1 42. 
The push stage 143 is vertically moved by the air cylin- 



der 145 through the spline shaft 142, so that the semi- 
conductor wafer 1 01 is loaded on the top ring 32. Com- 
pression springs 159 are provided at the peripheral por- 
tion of the push stage 143. 

5 [0056] Three top ring guides 148 are provided at the 
outer circumferential portion of the guide stage 141. 
Each of the top ring guides 148 has an upper surface 
700 serving as an access portion to the lower surface 
of the guide ring 301 of the top ring 32. A tapered surface 

10 208 having an angle of 25** to 35** with respect to the 
. perpendicular is formed at the upper end portion of the 
top ring guide 148 for guiding the guide ring 301 of the 
top ring 32 toward the upper surface 700. 
[0057] The push stage 143 has an upper tapered sur- 

15 face 143a. As shown in FIG. 10, the tapered surface 
143a is fitted in the tapered surface 603 of the wafer 
support table 600 to allow the wafer support table 600 
to be centered with respect to the push stage 1 43. When 
the push stage 143 is raised, the wafer support table 

20 600 is separated from the rotary transporter 27 and 
moved together with the semiconductor wafer toward 
the top ring 32. 

[0058] A guide sleeve 153 is fixed to the guide stage 
141 to prevent water from entering the central part of 

25 the guide stage 141 and to guide the guide stage 141 
so that the guide stage 1 41 is returned to Its original po- 
sition. A center sleeve 154 located inside of the guide 
sleeve 1 53 is fixed to the bearing case 1 51 for centering 
the guide stage 141. The pusher is fixed to a motor hous- 

30 ing 1 04 In the polishing section through the bearing case 
151. 

[0059] A V-ring 1 55 is used to prevent water from en- 
tering between the push stage 143 and the guide stage 
141 , and has a lip held in contact with the guide stage 

35 141 to prevent water from passing therethrough. When 
the guide stage 141 is elevated, the volume of a portion 
G increases, thus lowering the pressure to thereby draw 
water . In order to prevent water from being drawn, the 
V-ring 155 has a hole defined in an inner side thereof to 

40 prevent the pressure from being lowered. 

[0060] A shock absorber 1 56 is provided for position- 
ing of the top ring guides 148 in a vertical direction and 
for shock-absorbing when the top ring guides 148 con- 
tact the top ring 32. in each of the air cylinders, upper 

45 and lower limit sensors are provided for detecting the 
position of the pusher in a vertical direction . That is, sen- 
sors 203 and 204 are provided on the air cylinder 145, 
and sensors 207 and 206 are provided on the air cylin- 
der 146. A cleaning nozzle or nozzles for cleaning the 

50 pusher are provided to prevent the slurry attached to the 
pusher from contaminating the semiconductor wafer. A 
sensor for confirming the presence or absence of the 
semiconductor wafer on the pusher may be provided. 
The control of the air cylinders 145 and 146 are per- 

55 formed by double solenoid valves, respectively. The 
pushers 30 and 30* are dedicatedly provided for the top 
rings 32 and 33, respectively. 

[0061] Next, the operation of the rotary transporter 27, 
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the lifter 29 and the pusher 30 having the above struc- 
ture will be described. 

TRANSFERRING A SEMICONDUCTOR WAFER 

[0062] FIGS . 11A through 11 F show processes for 
transferring a semiconductor water. In the following de- 
scription, the wafer support table for loading the semi- 
conductor wafer to be polished is referred to as the load- 
ing wafer support table, and the water support table for 
unloading the semiconductor wafer which has been pol- 
ished is referred to as the unloading wafer support 
table . 

[0063] In the home position (HP) , the rotary trans- 
porter 27 is rotated counterclockwise by an angle of 
90** , and the stage 210 is located above the lifter 29 
(FIG. 11A). 

[0064] The lifter 29 constitutes a wafer transfer mech- 
anism for transferring the senniconductor wafer between 
the reversing device 28 and the rotary transporter 27. 
The semiconductor wafer 101 to be polished is trans- 
ferred from the transfer robot 20 to the reversing device 
28. Thereafter, the semiconductor wafer 1 01 is reversed 
by the reversing device 28 to cause a pattern surface 
(the surface on which semiconductor device is formed) 
of the semiconductor wafer to face downward. 
[0065] The lifter 29 is raised, and the stage 260 of the 
lifter 29 is engaged with the loading wafer support table 
600 (600a) on the rotary transporter 27 by the tapered 
surface 260a (FIG. 11 B). 

[0066] Next, the lifter 29 is raised to a position where 
the loading wafer support table 600 receives the semi- 
conductor wafer 101 from the reversing device 28 while 
the lifter 29 supports the loading wafer support table 600 
thereon, and the litter 29 is stopped thereat (FIG. 11C) . 
[0067] When the sensor 266 provided on the air cyl- 
inder 261 detects the stop of the lifter 29 at a position 
where the stage 260 is located immediately below the 
semiconductor wafer 101, the reversing device 28 re- 
leases the semiconductor wafer by opening the amns 
and the semiconductor wafer 1 01 is placed on the load- 
ing wafer support table 600 on the stage 260 of the lifter 
29 (FIG. 11D). Thereafter, the lifter 29 is lowered while 
the lifter 29 holds the loading wafer support table 600 
having the semiconductor wafer 1 01 thereon (FIG. 1 1 E). 
[0068] The loading wafer support table 600 holding 
the semiconductor wafer 1 01 and placed on the lifter 29 
is centered by the tapered surfaces 611 of the guide 
blocks 61 0 on the stage 21 0 of the rotary transporter 27, 
and transferredfromthelifter29 to the rotary transporter 
27 and placed on the guide blocks 610 (FIG. 11 E). After 
the loading wafer support table 600 is placed on the ro- 
tary transporter 27, the lifter 29 continues to be operated 
to cause the stage 260 to be lowered until the stage 260 
does not interfere with the rotary transporter 27 even 
when the rotary transporter 27 is rotated (FIG. 11 F). 



LOADING A SEMICONDUCTOR WAFER 

[0069] FIGS. 12A through 12F show processes for 
loading a semiconductor wafer. 
5 [0070] When lowering of the lifter 29 is completed, the 
rotary transporter 27 is rotated clockwise by an angle of 
90** . and the loading wafer support table 600 (600a) on 
the rotary transporter 27 is positioned above the pusher 
30 (FIG. 12A). After positioning of the rotary transporter 
10 27 is completed, the pusher 30 is raised together with 
the components associated with the guide stage 141 by 
the air cylinder 146. While the pusher 30 is raised, the 
guide stage 141 passes through the wafer holding po- 
sition of the rotary transporter 27. At this time, the load- 
15 ing wafer support table 600 holding the semiconductor 
wafer 101 is centered by the tapered surfaces 143a of 
the push stage 143, and transferred from the rotary 
transporter 27 to the push stage 143 (FIG. 12B). 
[0071 ] While the push stage 1 43 holds the loading wa- 
20 fer support table 600, the top ring guides 1 48 are raised 
without being stopped, and the guide ring 301 of the top 
ring 32 is guided by the tapered surfaces 208 of the top 
ring guides 148. The center of the top ring guides 148 
is aligned with the center of the top ring 32 by the linear 
25 way 149 movable in X and Y directions, and the upper 
surface 700 of the top ring guides 1 48 contact the lower 
surface of the guide ring 301 and lifting of the guide 
stage 141 Is completed (FIG. 12C). 
[0072] When the upper surface 700 of the top ring 
30 guides 148 contact the lower surface of the guide ring 
301 , the guide stage 1 41 is fixed and is not raised any- 
more. However, the air cylinder 146 continues to be ac- 
tuated until the stopper fixed to the rod of the air cylinder 
146 contacts the shock absorber 156, and hence only 
35 the spline shaft 1 42 continues to be raised because the 
compression spring 152 is compressed, and the push 
stage 143 Is further raised. After the semiconductor wa- 
fer 101 contacts the top ring 32, the lifting stroke of the 
air cylinder 1 46 is absort3ed by the compression springs 
159 to thereby protect the semiconductor wafer 101 
against damage. 

[0073] Next, the push stage 143 is further raised by 
the air cylinder 145 while the push stage 143 holds the 
wafer support table 600, and the semiconductor wafer 
1 01 is held by the top ring 32 under vacuum by the vac- 
uum attraction mechanism of the top ring 32 (FIG. 12D) . 
Thereafter, the wafer support table 600 is lowered to- 
gether with the push stage 143 by the air cylinder 145 
which is actuated in the opposite direction to the above 
actuation (FIG. 12E). 

[0074] The pusher 30 is lowered together with the 
components associated with the guide stage 1 41 by the 
air cylinder 1 46. andthe wafer support table 600 is trans- 
ferred to the rotary transporter 27 while the pusher 30 
55 is lowered. The pusher 30 is further lowered, and then 
stopped at a predetermined position (FIG.12F). 
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[0075] The semiconductor wafer 101 which has been 
polished is transported by the top ring 32 to a wafer un- 
load position located above the pusher 30. By the rota- 
tion of the rotary transporter 27, the unloading wafer 
support table 600 (600b) on the rotary transporter 27 is 
located above the pusher 30 (FIG. 13A) . Then, the 
pusher 30 is raised together with the components asso- 
ciated with the guide stage 141 by the air cylinder 146. 
While the pusher 30 is raised, the guide stage 141 pass- 
es through the wafer holding position of the rotary trans- 
porter 27. At this time, the wafer support table 600 hav- 
ing no semiconductor wafer is centered by the tapered 
surface 143a of the push stage 143, and transferred 
from the rotary transporter 27 to the pusher 30 (FIG. 
13B). 

[00761 ^he guide ring 301 of the top ring 32 is guided 
by the tapered surfaces 208 of the top ring guides 148. 
The center of the top ring guides 1 48 is aligned with the 
center of the top ring 32 by the linear way 149, and the 
upper surface 700 of the top nng guides 1 48 contact the 
lower surface of the guide ring 301 and the lifting of the 
guide stage 141 is completed (FIG. 13C). 
[0077] At this time, the air cylinder 146 continues to 
be actuated until the stopper fixed to the rod of the air 
cylinder 1 46 contacts the shock absorber 1 56. However, 
since the upper surface 700 of the top ring guides 148 
contacts the lower surface of the guide ring 301 to cause 
the guide stage 141 to be fixed at this position, the air 
cylinder 146 pushes the spline shaft 142 together with 
the air cylinder 145 against urging force of the compres- 
sion spring 152, thus lifting the push stage 143. In this 
embodiment, the air cylinder 146 is arranged to be fur- 
ther actuated after the top ring guides 148 contact the 
guide ring 301 . The shock generated at this time is ab- 
sorbed by the spring 152. 

[0078] After the lifting actuation of the air cylinder 146 
Is completed, the semiconductor wafer 1 01 is removed 
from the top ring 32, and held by the unloading wafer 
support table 600 (FIG. 13D). 

[0079] After the semiconductor wafer 101 is held by 
the unloading wafer support table 600, the pusher 30 
starts to be lowered. Then, the unloading wafer support 
table 600 Is transferred together with the polished sem- 
iconductor wafer to the rotary transporter 27 (FIG. 13E), 
and the pusher 30 continues to be lowered and the op- 
eration of the pusher 30 is finished by completion of its 
lowering (FIG. 13F). 

[0080] The rotary transporter 27 is rotated, and the 
unloading wafer support table 600 holding the polished 
semiconductor wafer thereon is located above the lifter 
29. Then, the lifter 29 is raised, and receives the unload 
wafer support table 600 holding the polished semicon- 
ductor wafer from the rotary transporter 27. The lifter 29 
is further raised to thus locate the semiconductor wafer 
at a wafer transfer position where the semiconductor 
wafer is transferred to the reversing device 28, 



[0081] After the arms ot the reversing device 28 hold 
the semiconductor wafer 1 01 . the lifter 29 is lowered to 
transfer the unloading wafer support table 600 to the ro- 
tary transporter 27. When the lowering of the lifter 29 is 
5 completed, the transfer operation of the semiconductor 
wafer from the top ring 32 to the reversing device 28 is 
completed. 

[0082] As described above, according to the present 
invention. It is possible to shorten the time required to 
10 transfer a workpiece to be polished^ such as a semicon- 
ductor wafer, to the top ring, for thereby greatly increas- 
ing the number of processed workpieces per unit time. 
I.e., throughput. 

[0083] According to the present invention, when the 

15 workpiece is transferred between the rotary transporter 
and the reversing device, the workpiece is transferred 
between the supporttable and the reversing device, and 
when the workpiece Is transferred between the rotary 
transporter and the top ring, the workpiece is iransfen-ed 

20 between the support table and the top ring. Therefore, 
• the support table can absorb an impact or a shock on 
the workpiece generated when transferring, and hence 
the transfer speed of the workpiece can be increased 
for thereby increasing throughput. 

25 [0084] Further in the conventional polishing appara- 
tus, the number of top rings is increased and the work- 
pieces are simultaneously polished for thereby increas- 
ing throughput. Thus, the workpieces cannot be uni- 
formly polished due to the difference of individual top 

30 rings caused by increasing of the top rings. In contrast 
thereto, In the present invention, by increasing the trans- 
fer speed of the workpieces, throughput can be in- 
creased. 

[0085] According to the present invention, the transfer 
35 of the semiconductor wafer from the reversing device to 
the top ring can be performed by the water support ta- 
bles removably held by the respective stages of the ro- 
tary transporter. Thus, for example, the transfer of the 
semiconductor wafer between the lifter and the rotary 
40 transporter or between the rotary transporter and the 
pusher may be eliminated to prevent dust from being 
generated and prevent the semiconductor water from 
being damaged due to transfer error or clamping error. 
[0086] In the above-described embodiment, a plural- 
45 ity of wafer support tables are assigned to loading wafer 
support tables for holding a semiconductor wafer to be 
polished and unloading wafer support tables for holding 
a semiconductorwaferwhich has been polished. There- 
fore, the semiconductor wafer to be polished is trans- 
50 ferred not from the pusher but from the loading wafer 
support table to the top ring, and the polished semicon- 
ductor wafer is transferred from the top ring not to the 
pusher but to the unloading wafer support table. Thus, 
the loading of the semiconductor wafer to the top ring, 
55 and the unloading of the semiconductor wafer from the 
top ring are conducted by respective jigs (or compo- 
nents), i.e. the wafer support table, and hence the abra- 
sive liquid or the like attached to the polished semicon- 
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ished and an unloading support table for holding the 
workpiece which has been polished. 

4. A polishing apparatus according to claim 1 , wherein 
5 said rotary transporter comprises a plurality of guide 

blocks provided circumferentially at certain inter- 
vals on each of said stages for removably holding 
said support table. 

10 5. A polishing apparatus according to claim 4, wherein 
said guide block has at least one of an inner surface 
which has a tapered surface for centering action 
and an outer surface which has a tapered surface 
for centering action. 

15 

6. A polishing apparatus according to claim 1 , wherein 
said top ring is angularty movable about a rotating 
shaft to a position over said turntable and a position 
over one of said stages of said rotary transporter. 

20 

7. A polishing apparatus comprising: 



17 

ductor wafer is prevented from being attached to a com- 
mon support member for performing loading and un- 
loading the semiconductor wafer. As a result, the solid- 
ified abrasive liquid or the like is not attached to the sem- 
iconductor wafer to be polished, and does not cause 
damage to the semiconductor wafer to be polished. 
[0087] In the embodiment, the support table for load- 
ing the workpiece and the support table for unloading 
the workpiece are separately used. However, a single 
support table may be used for loading and unloading the 
workpiece. 

[0088] Although certain preferred embodiments of the 
present invention have been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 
from the scope of the appended claims. 
[0089] According to its broadest aspect the invention 
relates to a polishing apparatus comprising: a turntable 
having a polishing surface; a top ring for holding a work- 
piece and pressing the workpiece against said polishing 
surface to polish the workpiece; a rotary transporter; a 
plurality of support tables removably held by said rotary 
transporter for supporting workpieces respectively; and 
a pusher for vertically moving said support table. 



Claims 

1 . A polishing apparatus comprising: 

a turntable having a polishing surface; 

a top ring for holding a workpiece and pressing 

the workpiece against said polishing surface to 

polish the workpiece; 

a rotary transporter disposed in a position 
which can be accessed by said top ring and 
having a plurality of stages positioned on a pre- 
determined circumference from a center of ro- 
tation of said rotary transporter; 
a plurality of support tables removably held by 
said respective stages of said rotary transporter 
for supporting workpieces respectively; and 
a pusherfor vertically moving said support table 
and transferring the workpiece between said 
support table and said top ring. 

2. A polishing apparatus according to claim 1 , further 
comprising: 

a reversing device for reversing the workpiece; 
and 

a lifter for vertically moving said support table 
and transferring the workpiece between said 
support table and said reversing device. 

3. A polishing apparatus according to claim 1 , wherein 
said plurality of said support tables comprise a load- 
ing support table for holding the workpiece to be pol- 



a plurality of tumtables having respective pol- 
ishing surfaces; 

a plurality of top rings for holding workpieces 
and pressing the workpieces against said pol- 
ishing surfaces to polish the workpieces; 
a rotary transporter disposed in a position 
which can be accessed by said top rings and 
having a plurality of stages positioned on a pre- 
determined circumference from a center of ro- 
tation of said rotary transporter; 
a plurality of support tables removably held by 
said respective stages of said rotary transporter 
for supporting workpieces, respectively; and 
a pusherfor vertically moving said support table 
and transferring the workpiece between said 
support table and said top ring. 

40 8. A polishing apparatus according to claim 7, further 
comprising: 

a reversing device for reversing the workpiece; 
and 

45 a lifter for vertically moving said support table 

and transferring the workpiece between said 
support table and said reversing device. 

9. A polishing apparatus comprising: 

50 

a turntable having a polishing surface; 
a top ring for holding a workpiece and pressing 
the workpiece against said polishing surface to 
polish the workpiece; 
55 a rotary transporter; 

a plurality of support tables removably held by 
said rotary transporter for supporting workpiec- 
es respectively; and 
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a pusher for vertically moving said support ta- 
ble. 
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